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Aim: We conducted a pilot study to clarify the effects of the Japan Diet nutritional education pro-
gram on metabolic risk factors for atherosclerotic cardiovascular disease in middle-aged men who
were brought up in the westernized dietary environment of modern Japan.

Methods: Thirty-three men, 3049 years of age, attended a nutrition education class to learn food
items and recommended volumes comprising the Japan Diet (more fish, soybeans and soy products,
vegetables, seaweed, mushrooms and unrefined cereals, and less animal fat, meat and poultry with
fat, sweets, desserts and snacks, and alcoholic drinks), and were encouraged to consume the Japan
Diet for 6 weeks. Anthropometric and biochemical parameters were measured and 3-day weighted
dietary records were kept before and at completion of the intervention.

Results: Ninety-one percent of participants showed improvements in more than one cardiovascular
risk factor after 6 weeks. Body weight, serum low density lipoprotein (LDL) cholesterol, malondial-
dehyde modified (MDA)-LDL and triglyceride concentrations decreased significantly, while high
density lipoprotein cholesterol was unchanged. Fish, soy, and sum of seaweed, mushrooms and kon-
jak intakes doubled, and green and yellow vegetable intakes also increased as compared to baseline.
Meanwhile, intakes of refined cereals, meat and poultry, sweets, desserts and snacks, and margarine
and shortening decreased. Total energy, lipid, and saturated and monounsaturated fatty acid intakes
decreased, while n-3 polyunsaturated fatty acid, dietary fiber, beta-carotene, vitamins D and K,
potassium, and magnesium increased, with no change in sodium intake.

Conclusions: The Japan Diet is suggested to improve atherosclerotic cardiovascular disease risk fac-
tors in middle-aged Japanese men.

The clinical trial registration number: UMIN000020639.
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Introduction

Primary prevention of cardiovascular disease risks
such as obesity, dyslipidemia, hypertension and
impaired glucose tolerance (diabetes) is an urgent
global issue. Habitual consumption of the traditional
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Japanese diet during the 1960s and 70s was recog-
nized as providing protection from cardiovascular dis-
ease, as demonstrated in the Seven Countries study'.
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The characteristic features of this diet included con-
suming more fish and other seafood products, and soy,
as well as less animal meat, poultry and dairy foods
than in Western countries, resulting in low energy,
saturated fatty acid (SFA) and cholesterol intakes with
high dietary fiber consumption. Thereafter, evidence
of the efficacy of higher intakes of fish and plant foods
was reconfirmed, with the benefits of reduced intakes
of refined carbohydrates and animal fat on coronary
artery disease prevention being reported in Japanese
cohort studies conducted in the last two decades of
the 20™ century” ©. Thus, the Japan Atherosclerosis
Society recommended the so-called Japan Diet for the
prevention of atherosclerotic cardiovascular diseases in
its guidelines”

However, the Japanese lifestyle and social envi-
ronment, including familial dynamics, have changed
markedly with westernization and diversification over
the past four decades®?, making it difficult to prepare
daily meals consistent with the Japan Diet concept. In
fact, animal meat consumption has risen, while intakes
of fish and plant foods have steadily decreased. There-
fore, a simple and reliable educational program
designed to make eating according to the Japan Diet a
lifelong habit is urgently needed.

The Mediterranean and Dietary Approach to
Stop Hypertension (DASH) Diet patterns are recom-
mended in the Dietary Guidelines as an effective
means of reducing the onset of and death from diet-
related chronic diseases with numerous studies sup-
porting this approach'”. A prospective study is now
necessary to provide corroborating evidence and to
motivate implementing the Japan Diet as a therapeu-
tic anti-atherogenic eating pattern.

Aim

We conducted a single arm pilot study to obtain
preliminary data on the effects of the Japan Diet
nutritional education program, and the practical chal-
lenges of designing a randomized clinical trial for this
diet. We aimed to clarify the effects of the Japan Diet
on risk factors for atherosclerotic cardiovascular dis-
ease in men 30—49 years of age who had been brought
up in the highly westernized dietary environment of
modern Japan.

Methods
Study Design and Subjects

The study period was 6 weeks in a single arm
design. Sample size was calculated using A'Hern’s for-
mula'’. For the Japan Diet to be regarded as effec-
tively improving metabolic disorders, we expected a
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success rate of at least 90%. A success rate of 70% or
less was taken to indicate failure to improve athero-
sclerotic parameters. With 0.05 for the alpha and 0.20
for the beta error, 28 participants were calculated to
be required to allow assessment of whether the pro-
portion of participants with a successful intervention
outcome was below <70% or >90%. The necessary
sample size was 33 subjects, taking possible drop-outs
into consideration.

The participants were recruited via e-mail and
posters. Inclusion criteria were male gender, age
between 30 and 49 years, a body mass index (BMI)
over 22 kg/m?, and non-smoker status. As serum cho-
lesterol concentrations vary with menstrual cycle
phases, women were excluded. Participants were
excluded if a disease had been detected at their most
recent medical check-up and treated with medication.
Users of dietary supplements or health food products
were also excluded. After being given a detailed expla-
nation of the program, 34 subjects consented to par-
ticipate.

The present study was conducted according to
the guidelines of the Declaration of Helsinki, and all
procedures were approved by the ethics committee of
Japan Women’s University (No. 209). Written
informed consent was obtained from all subjects prior
to participation. The clinical trial registration number

is UMIN000020639.

Intervention Program

Participants attended a one-hour educational ses-
sion concerning coronary artery disease risk factors
and preventive lifestyle strategies, focusing on easy
ways to consume the foods classified as constituting
the Japan Diet. The group work session involved 1)
calculating ideal body weight and comparing this
value to the subjects’ current body weights, 2) calcu-
lating energy and nutrient intakes based on typical
dishes consumed habitually and comparing the results
with recommended nutrient intakes, 3) learning food
items and recommended volumes comprising the
Japan Diet (more fish, soybeans and soy products,
vegetables, seaweed, mushrooms, konjak and unre-
fined cereals, and less animal fat, meat and poultry
with fat, sweets, desserts and snacks, and alcoholic
drinks), and 4) calculating the energy and nutrient
intakes obtained from the participants’ selected dishes
for the Japan Diet and comparing these values to the
recommended nutrient intakes. Then, the participants
were encouraged to set goals and devise action plans
aimed at changing their dietary behaviors. Each par-
ticipant was required to record their personal goals
and action plans on a self-monitoring sheet. They
were then encouraged to keep a daily record of their
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body weight and performance in terms of the intakes
of foods comprising the Japan Diet for 6 weeks. The
records had to be e-mailed to the instructor at 2 and 4
weeks, and each participant then received supportive
individual advice by e-mail. The subjects were
instructed to maintain their habitual physical activity

during the study period.

Measurements

Anthropometric measurements and fasting blood
collection were conducted on the first day and after 6
weeks in the morning following a 12-hour fast.
Height, weight, and waist circumference of the sub-
jects were measured. BMI was calculated as weight
(kg)/height (m)?*. Waist circumference was determined
with a tape measure during the late exhalation phase
in the standing position. Blood pressure was measured
using an automatic blood pressure manometer with
the subject in the seated position. Plasma and serum
samples were obtained and stored at —80C until anal-
ysis and concentration measurements were conducted
as follows: plasma glucose (hexokinase UV method),
serum insulin (chemiluminescent enzyme immunoas-
say (CLEIA)) method, serum total cholesterol (choles-
terol dehydrogenase UV method), low density lipo-
protein (LDL)-cholesterol and high density lipopro-
tein (HDL)-cholesterol (direct method), malondialde-
hyde modified (MDA)-LDL (enzyme-linked immu-
nosorbent assay method), triglyceride (TG) concentra-
tion (enzymatic method), aspartate amino transferase,
alanine amino transferase and y-glutamyl transferase
(Japan Society of Clinical Chemistry compliant
method) in the laboratory of SRL Inc., Tokyo, Japan,
and leptin and adiponectin (enzyme-linked immuno-
sorbent assay method) in the laboratory of Biomarker
Science Co. Ltd., Kyoto, Japan. The homeostasis
model assessment (HOMA-IR) for insulin resistance
was calculated as plasma glucose (mg/dL) % insulin

(IR) (1 U/mL) + 405.

Dietary Data Collection

Three-day weighted dietary records were kept at
baseline and at the end of the 6-week study period,
and then collected after confirmation by interview
with a trained staff member. Participants were encour-
aged to submit photos of meals and nutrition labeling
of the prepared foods that they had consumed. Nutri-
ent intakes were calculated employing Excel-Eiyokun
Ver.6, (Kenpaku-sha Co., Ltd., Tokyo, Japan) soft-
ware. The volume of foods consumed was summarized
into food groups based on the Standard Table of Food
Composition in Japan 2010 (the Science and Technol-
ogy Agency of Japan). Alcoholic drinks were summa-
rized as total ethanol intake. Participants answered a

questionnaire focusing on their motivation and ability
to adhere to the Japan Diet.

Statistical Analysis

Statistical analyses were carried out using SPSS
for Windows (version 16.0J; SPSS Japan, Inc.). All
values are presented as means with standard devia-
tions. The statistical significance of differences in val-
ues obtained at baseline and after 6 weeks were
assessed using the non-parametric Wilcoxon matched
pair’s signed-rank test. Spearman correlation analyses
were performed to identify correlations among anthro-
pometric, biochemical and nutrient parameters. p<
0.05 was considered to indicate a statistically signifi-
cant difference.

Results

One of the 34 enrolled participants was hospital-
ized for an acute illness and had to drop out. Thus, 33
Japanese men completed this program.

The body weight, BMI, and waist circumference
values decreased 1.3+1.9 kg, 0.4+0.6, and 2.1+2.4
cm, respectively, with a decrease in the serum leptin
concentration. Serum LDL-cholesterol, MDA-LDL,
and TG concentrations decreased significantly, while
HDL-cholesterol was unchanged. Mean decreases in
serum LDL-cholesterol and MDA-LDL were 7.9 %
and 18.3 %, respectively (Table 1). Changes in body
weight correlated with changes in the concentrations
of leptin (r=0.823, p<0.001), LDL-cholesterol (r=
0.526, p=0.002), insulin (r=0.374, p=0.032), and
HOMA-IR (r=0.372, p=0.033). Changes in MDA-
LDL correlated only with changes in LDL-cholesterol
(r=0.460, p=0.007), among the biochemical parame-
ters examined. There were six participants with LDL-
cholesterol above 140 mg/dL at baseline, half of
whom showed a decrease of 25 % in their LDL-cho-
lesterol levels. Tendencies for decreases in plasma glu-
cose and serum insulin concentrations to be associated
with lower HOMA-IR were noted.

All of the participants had at least one cardiovas-
cular risk factor at baseline. This pilot educational
program focusing on the Japan Diet showed signifi-
cant effectiveness, with 90.9 percent of participants
showing improvements in their cardiovascular risk fac-
tor parameters to within the reference ranges after 6
weeks (Table 2).

At baseline, participants consumed 49.0 g of fish
and 39.8 g of soybeans and soy products, accounting
in volume for only two-thirds of the sum of meat and
poultry intakes which totaled 134.3 g. Total vegetable
intake including vegetable juice was only 262 g, and
the sum of seaweed, mushroom, and konjak intakes
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Table 1. Anthropometric variables, blood pressure and blood biochemical parameter con-
centrations at baseline and after the 6-week intervention

Baseline After 6 week p
Body weight (kg) 75.2%10.2 73.9%9.9 <0.001
Body Mass Index 253+3.4 24.8+3.2 <0.001
Waist Circumference (cm) 88.3+9.1 86.2%8.5 <0.001
Systolic blood pressure (mmHg) 130+13 125+9 0.004
Diastolic blood pressure (mmHg) 84+10 81%8 0.036
Total cholesterol (mg/dL) 198+28 192£31 0.207
LDL-cholesterol (mg/dL) 126£26 116+25 0.038
MDA-LDL (U/L) 142£39 11629 <0.001
HDL-cholesterol (mg/dL) 53%9 52%10 0.726
Triglyceride (mg/dL) 112£51 108105 0.041
Glucose (mg/dL) 10516 10112 0.056
Insulin (pU/mL) 6.8£4.0 5.8%£3.7 0.091
HOMA-IR 1.8+1.2 1.51.1 0.075
Aspartate amino transferase (U/L) 22%6 236 0.205
Alanine amino transferase (U/L) 26=%15 2817 0.257
y-glutamyl transferase (U/L) 36%19 35%29 0.147
Leptin (ng/mL) 5.1%£49 4035 0.012
Adiponectin (pg/mL) 2.7%1.1 2.6%1.0 0.330

n=33, Values are expressed as means * SD.
MDA-LDL: malondialdehyde modified-low density lipoprotein
HOMA-IR: homeostasis model assessment for insulin resistance

Table 2. Numbers of participants with baseline cardiovascular risk factors and showing
improvements after 6 weeks

Risk factor at Improved to

§
baseline reference range (%)

At least one cardiovascular risk factor 33 30 (90.9)
Body mass index =25 12 4 (33.3)
Waist circumference =85 cm 20 11 (55.0)
Systolic blood pressure =130 mmHg 14 7 (50.0)
Diastolic blood pressure =85 mmHg 15 8 (53.3)
LDL-cholesterol =140 mg/dL 6 3 (50.0)
HDL-cholesterol <40 mg/dL 3 2 (66.7)
Triglyceride =150 mg/dL 6 5 (83.3)
Glucose =100 mg/dL 24 10 (41.7)
Insulin =15 pU/mL 3 2 (66.7)
HOMA-IR >1.6 16 10 (62.5)

n=33

§: Data are the percentages of participants with values outside of the reference range at baseline and those
who showed improvement at the end of the 6-week intervention.

HOMA-IR: homeostasis model assessment for insulin resistance

was 24.7 g. At the end of the intervention period, intakes of refined cereals, meat and poultry, sweets,
intakes of recommended foods, such as fish, soy, and desserts and snacks, and margarine and shortening
sum of seaweed, mushrooms and konjak had doubled, which participants had been advised to avoid,
and green and yellow vegetable intakes were also decreased. Thus, the total food intake volume was
increased as compared to the baseline. Meanwhile, unchanged (Table 3).
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Table 3. Intake volumes of foods at baseline and at the end of the 6-week intervention

Baseline (g) 6 weeks (g) ?

Total food volume® 1364.1+294.7  1431.3%351.6 0.416
Unrefined cereals 32.2+42.4 58.5%+85.0 0.136
Refined cereals 384.0+183.1 291.1+141.3 0.007
Potatoes and other starches 36.7+26.1 32.5%+36.6 0.374
Sweets, desserts and snacks 78.3%60.3 36.3+47.1 0.001
Beverages with sugar 124.5+194.4 67.8%117.2 0.106
Fish 49.0%35.1 98.0+58.0 <0.001
Shellfish, prawns, shrimp, crab, squid, octopus, fish eggs, and viscera 15.1+19.2 21.0+x259 0.281
Soybeans and other soy products 39.8+41.3 86.5%66.4 <0.001
Milk and other dairy products 99.6%112.0 69.1+66.3 0.193
Meat and poultry 134.3+52.3 95.4+73.0 0.011
Eggs 46.3%29.4 417423 0.268
Animal fats 2.3%x3.0 1.9+3.3 0.264
Vegetable oils 32.6+13.1 28.1+13.7 0.118
Margarine and shortening 0.9+2.5 0.2+0.6 0.048
Nuts 3.6x54 2.2%206 0.531
Total Vegetables 247.6%103.7 303.1%107.2 0.030

Green and yellow vegetables 91.0%56.3 116.3£67.5 0.015

Other vegetables 156.6£64.6 186.8%76.6 0.136
Vegetable juice 14.3+43.8 84.7%169.0 0.013
Fruits 51.1+60.3 48.8+69.1 0.411
Fruit juice 22.1+51.8 25.5+83.2 0.746
Seaweed, mushrooms and konjac 24.7+22.0 58.2+51.0 0.002

Seaweed 9.6%£9.2 33.4+34.0 <0.001

Mushrooms 12.6%15.6 16.7£24.6 0.369

Konjac 2.6%6.0 8.1+28.4 0.733
Alcoholic beverages®* 20.6+18.3 19.4+34.5 0.230

n=33, Values are expressed as means * SD.

8, All food volumes except beverages, seasonings and spices are summarized.

88, Calculated as pure ethanol.

Reduced lipid and carbohydrate intakes lead to
decreased energy intake. Changes in energy intake
correlated with changes in the concentrations of insu-
lin (r=0.564, p=0.001), glucose (r=0.441, p=0.010),
HOMA-IR (r=0.563, p=0.001), triglyceride
(r=0.385, »=0.027), and body weight (r=0.349,
£=0.046), but did not correlate with changes in the
concentrations of LDL-cholesterol or MDA-LDL.

Mean (minimum, maximum) energy intakes
derived from lipids and SFAs were 31.4 (23.7, 42.9)
% and 8.8 (5.61, 15.0) % at baseline and had
decreased to 30.6 (18.4, 44.9) % and to 7.8 (3.6,
14.2) %, respectively, at completion of the study.
Monounsaturated fatty acid intake was also decreased,
while n-3 polyunsaturated fatty acid (PUFA) intake
increased from 3.10 (1.36, 5.13) g to 3.72 (1.29, 7.30)
g. Dietary fiber intake increased, due mostly to insolu-
ble dietary fiber consumption. Beta-carotene, vitamin
D, and vitamin K intakes were found to be increased.

Potassium and magnesium intakes increased, while
sodium intake did not change during the intervention
(Table 4).

Two-thirds of participants were sedentary work-
ers, and 27 % lived alone. Those preparing daily meals
by themselves and having their food made by a family
member accounted for 21 % and 79 % of the partici-
pants, respectively. At the end of the intervention, 85
% of the participants had a good impression of prac-
ticing the Japan Diet. The participants believed daily
consumption of fish, soybeans and soy products, and
other vegetables to be easy, while eating green and yel-
low vegetables, and sum of seaweed, mushrooms and
konjak was deemed to be moderately easy. Consump-
tion of unrefined cereals was, however, considered to
be difficult. Fatty meats were recognized as easy foods
to particularly be avoided. Factors making the Japan
Diet difficult to implement included limitations in
personal skills and the social environment such as the
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Table 4. Energy and nutrient intakes at baseline and the end of the 6-week intervention

Baseline 6 weeks ?
Energy (kcal) 2526464 2150%510 0.002
Lipid () 87.4%16.3 734238 0.005
(%E) 31.4x47 30.6%£5.9 0.013
SFA (g) 24.59%7.17 18.87%8.95 0.003
(%E) 8.80+2.10 7.80£2.60 0.005
MUFA (g) 32.58+6.93 27.01%+9.52 0.008
n-3PUFA (g) 3.10+1.01 3.72+1.48 0.036
n-6PUFA (g) 15.13+3.10 13.76+3.59 0.067
PUFA/SFA 0.80 0.30 1.10 0.40 0.001
Cholesterol (mg) 453 +140 429+249 0.357
Carbohydrate (g) 298.1%£67.5 243.3+63.5 <0.001
(%E) 47.1+6.4 46.0+10.2 <0.001
Total dietary fiber (g) 15.4%£4.2 18.9+6.5 0.006
Soluble dietary fiber (g) 3.9+1.5 43%1.7 0.155
Insoluble dietary fiber (g) 10.8+2.9 13.0£4.5 0.013
Protein (g) 89.2+14.8 92.3+24.8 0.675
(%E) 14324 17.2+2.5 0.623
Thiamine (mg) 3.99+15.32 1.30+0.57 0.437
Riboflavin (mg) 1.69+0.69 1.69+0.66 0.893
Niacin equivalents (mgNE) 42.0%7.4 45.0+13.6 0.313
Pantothenic acid (mg) 7.81+2.61 8.11%£2.83 0.503
Ascorbic acid (mg) 11349 12756 0.313
B-Carotene f:quivalf:nts§ (ng 4116%2692 7047 £6019 <0.001
a-Tocopherol (mg) 12.8+16.7 10.7£3.5 0.367
Vitamin D (pg) 6.9+4.9 13.4£7.8 <0.001
Vitamin K (pg) 253107 389+200 <0.001
Sodium (mg) 4831£976 4924+ 1243 0.458
Potassium (mg) 3006 =583 3415+944 0.017
Calcium (mg) 556 %204 606%169 0.081
Magnesium (mg) 319£76 376+ 101 0.000

n=33, Values are expressed as means*SD.

SFA: saturated fatty acids, MUFA: monounsaturated fatty acids, PUFA; polyunsaturated fatty acids,

PUFA/SFA: ratio of PUFA to SFA

8, B-Carotene(ptg) + 1/2a-Carotene(pg) + 1/2 8-Cryptoxanthin

accessibility of food and meals (Table 5).

Discussion

Consumption of meat in amounts exceeding the
sum of fish and soy intakes was confirmed to expose
participants to high SFA intakes. The food and nutri-
ent intakes at baseline were essentially equivalent to
the results of the last report of the National Health
and Nutrition Survey in Japan'?. We found that total
lipid and SFA intake levels have become increasingly
westernized in the last 25 years, with levels now hav-
ing reached peaks corresponding to the highest quin-
tile intake group of the subjects during the baseline
period of a cohort study conducted in the 1980s'.
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Lack of fish and vegetable intake has also been recog-
nized as a major problem in the younger generation'?,
and similar results were obtained in our current study
participants.

Our 1-hour educational session including group
work and follow-up e-mail advice based on the partic-
ipant’s self-monitoring supported their food intake
changes facilitating successful implementation of the
Japan Diet. A 6-week trial aimed at implementing
changes in daily food intakes resulted in significant
decreases in body weight, BMI, blood pressure, serum
LDL-cholesterol, MDA-LDL, TG, and glycemic
markers. Those showing improvements in some meta-
bolic disorders in response to the Japan Diet con-
sumption accounted for 90.9 % of participants. Thus,
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Table 5. Confidence in the Japan Diet experienced by participants at the

end of the intervention

number® (%)
The Japan Diet implementation
very good (21.2)
good 21 (63.6)
occasional failure (15.2)
complete failure 0 (0.0)
Practical application
daily intakes of
fish 25 (75.8)
soy and soy products 26 (78.8)
green & yellow vegetables 23 (69.7)
other vegetables 32 (97.0)
seaweed, mushrooms, konjak 22 (66.7)
unrefined cereals 15 (45.5)
avoidance of
fatty meats 28 (84.8)
alcohol 16 (48.5)
sweets, desserts and snacks 20 (60.6)
Reason for difficulty implementing the Japan Diet
attending parties with Western or Chinese dishes 14 (42.4)
troublesome to prepare 10 (30.3)
lack of favorite foods 9 (27.2)
few restaurants 7 (21.2)
lack of a supportive family member 7 (21.2)
expensive 7 (21.2)
dislike the food 0 (0.0)
n=33

§: Multiple answers allowed.

the present program was regarded as being effective.

Low energy diets have been recommended for
body weight reduction'® . The Japan Diet reduces
energy intake without changing total food volume
intake. Typical plant foods featured in the Japan Diet
are soybeans, seaweed, mushrooms, and konjak. Most
notably seaweed, mushrooms, and konjak, all of
which are very low energy foods, have traditionally
been consumed in Japan. These foods are also major
sources of dietary fiber. Consuming these plant foods
contributes to decreases in energy density, and might
thus be beneficial for increasing satiety and promoting
the elimination of lipids and carbohydrates via the
bowels. In addition, replacing meat with fish and/or
soy-based products reduces SFA intake and increases
n-3 and n-6 PUFA intake, possibly contributing to
elevated diet-induced thermogenesis'®. Thus, the
Japan Diet was demonstrated to be beneficial for los-
ing weight.

Notably, serum LDL-cholesterol and MDA-LDL
decreased 7.9 % and 18.3 %, respectively, in 6 weeks.

SFA intake has been shown to correlate strongly with
blood cholesterol concentrations'” and replacing SFA
intake with PUFA intake was associated with LDL-
cholesterol reduction'®. We observed no correlation
between changes in LDL-cholesterol concentrations
and changes in SFA or PUFA intake. The decrease in
SFA intake was small, but statistically significant,
because the participants were not instructed to restrict
the quantity of food in their daily meals with this pro-
gram. Soybean protein and viscous fiber are well known
to have positive impacts on serum cholesterol reduc-
tion, and the serum LDL-cholesterol lowering effect
of plant-based diets has also been emphasized' ”.
Increased intake of soybean-based and fiber rich foods,
such as seaweed, mushrooms, and konjak, as well as
vegetables, might also contribute to lowering serum
cholesterol concentrations. Our results indicate that
single nutrients or foods may not have detectable
effects, while the overall food intake characteristic of
the Japan Diet pattern may effectively lower serum

LDL-cholesterol with MDA-LDL reduction.
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Increased consumption in green and yellow vege-
tables and vegetable juice raised beta-carotene and
magnesium intakes in this study. Fruit and vegetable
intakes reportedly showed a significant association
with reduced risk of cardiovascular disease in Japan®".
Fruit and vegetable intakes, as well as those of related
nutrients such as beta-carotene and magnesium, were
reported to be independently associated with a reduc-
tion in oxidized LDL?* ?¥, and significant inverse
associations with heart disease were seen for beta-caro-
tene and magnesium?®?. Favorable changes in MDA-
LDL are mainly the result of decreases in LDL parti-
cles. Furthermore, the Japan Diet may provide an
abundance of beneficial antioxidants. Further study is
needed to confirm the effects of anti-oxidant compo-
nents derived from the Japan Diet on levels of oxida-
tive stress.

High salt intake is associated with blood pressure
elevation and significantly increased risks of stroke
and total cardiovascular disease?. A diet that includes
modest salt restriction while increasing potassium
intake can prevent or control hypertension and
decrease cardiovascular morbidity and mortality?® %7
The participants in this study showed blood pressure
reductions with increased potassium intake, obtained
from the high vegetable and seaweed consumptions
recommended.

This study has limitations. First, as the study
design was single-arm, the actual effects on changes in
the parameters assessed could not be demonstrated.
We observed that energy intake decreased significantly
in the participants consuming the Japan Diet. How-
ever, various factors such as physical activity, climate,
and media impacts on the public’s perception of
healthy foods and meals would have influenced food
intake. Moreover, as the participants attended this
educational program of their own free will, they had
ample incentive to improve their diets, aiming for
healthier consumption, such that the issue of sampling
bias should be considered when interpreting the find-
ings of this study. High-quality evidence of the effects
of the Japan Diet on metabolic parameters must be
obtained from randomized controlled trials with larger
numbers of subjects. Second, changes in serum lipid
concentrations in the hyperlipidemic participants were
minimal, such that detecting significant effects on
those with risk factors for atherosclerotic cardiovascu-
lar diseases requires further study in a larger cohort.
Third, the study duration was 6 weeks, similar to
those in previous studies. Thus, the effects and practi-
cal application of habitual Japan Diet intake should be
confirmed over a longer period. Our results provide
useful information for designing a randomized con-
trolled trial on the effects of the Japan Diet. If partici-
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pants could be persuaded to consume unrefined cere-
als rich in viscous fiber, and avoid eating out and/or
improve their skills in selecting and preparing healthy
meals, these changes would facilitate obtaining more
effective outcomes, in terms of metabolic parameters,
in response to implementing habitual use of the Japan

Diet.

Conclusion

The Japan Diet was suggested to be a beneficial
dietary pattern in terms of body weight reduction and
improving metabolic disorders in middle-aged men
who had been brought up in the westernized dietary
environment of modern Japan. A simple and reliable
educational program, aimed at making implementa-
tion of the Japan Diet a lifelong eating habit, is
urgently needed.

Acknowledgment

We are grateful to Dr. Hiromasa Shijo and Dr.
Ayako Maruyama for their help with blood collection.

CoOl

The first author received a grant from PPD
Japan.

References

1) Keys A, Menotti A, Karvonen M]J, Aravanis C, Blackburn
H, Buzina R, Djordjevic BS, Dontas AS, Fidanza E Keys
MH, Kromhout D, Nedeljkovic S, Punsar S, Seccareccia
E Toshima H: The diet and 15-year death rate in the
seven countries study. Am ] Epidemiol, 1986; 24: 903-
915

2) Kromhout D, Keys A, Aravanis C, Buzina R, Fidanza F,
Giampaoli S, Jansen A, Menotti A, Nedeljkovic S, Pekkar-
inen M, Simic BS, Toshima H: Food consumption pat-
terns in the 1960s in seven countries. Am ] Clin Nutr,
1989; 49: 889-894

3) Kromhout D, Menotti A, Bloemberg B, Aravanis C,
Blackburn H, Buzina R, Dontas AS, Fidanza F, Giam-
paoli S, Jansen A: Karvonen M, Katan M, Nissinen A,
Nedeljkovic S, Pekkarinen J, Pekkarinen M, Punsar A,
Rasanen L, Simic B, Toshima H: Dietary saturated and
trans fatty acids and cholesterol and 25-year mortality
from coronary heart disease: the Seven Countries Study.
Prev Med, 1995; 24: 308-315

4) Menotti A, Kromhout D, Blackburn H, Fidanza F, Buzina
R, Nissinen A: For the Seven Countries Study Research
Group: Food intake patterns and 25-year mortality from
coronary heart disease: cross-cultural correlations in the
Seven Countries Study. The Seven Countries Study
Research Group. Eur ] Epidemiol, 1999; 15: 507-515

5) Tada N, Maruyama C, Koba S, Tanaka H, Birou S, Tera-



Effects of a Japan Diet Intake Program

moto T, Sasaki J: Japanese dietary lifestyle and cardiovas-
cular disease. ] Atheroscler Thromb, 2011; 18: 723-374

6) Shimazu T, Kuriyama S, Hozawa A, Ohmori K, Sato Y,
Nakaya N, Nishino Y, Tsubono Y, Tsuji I: Dietary pat-
terns and cardiovascular disease mortality in Japan: a pro-
spective cohort study. Int ] Epidemiol, 2007; 36: 600-609

7) Teramoto T, Sasaki J, Ishibashi S, Birou S, Daida H, Dohi
S, Egusa G, Hiro T, Hirobe K, Iida M, Kihara S,
Kinoshita M, Maruyama C, Ohta T, Okamura T,
Yamashita S, Yokode M, Yokote K: Treatment A) lifestyle
modification: executive summary of the Japan Atheroscle-
rosis Society (JAS) guidelines for the diagnosis and pre-
vention of atherosclerotic cardiovascular diseases in Japan-
-2012 version. ] Atheroscler Thromb, 2013; 20: 835-849

8) Cabinet Office, Government of Japan: White Paper on
the National Lifestyle 2007. http://www5.cao.go.jp/sei-
katsu/whitepaper/h19/10_pdf/01_honpen/

9) Kumagai F: Forty years of family change in Japan: a soci-
ety experiencing population aging and declining fertility.
Journal of Comparative Family Studies, SUMMER 2010;
41: 581-610

10) Eckel RH, Jakicic JM, Ard JD, de Jesus JM, Houston
Miller N, Hubbard VS, Lee IM, Lichtenstein AH, Loria
CM, Millen BE, Nonas CA, Sacks FM, Smith SC Jr,
Svetkey LP, Wadden TA, Yanovski SZ; American College
of Cardiology/American Heart Association Task Force on
Practice Guidelines: 2013 AHA/ACC guideline on life-
style management to reduce cardiovascular risk: a report
of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines. ] Am Coll
Cardiol, 2014; 63: 2960-2984

11) AHern R P: Sample size tables for exact single-stage phase
IT designs. Statist, Med 2001; 20: 859-866

12) Ministry of Health, Labor and Welfare: The National
Health and Nutrition Survey in Japan, 2014. htep://www.
mhlw.go.jp/bunya/kenkou/eiyou/h26-houkoku.html

13) Yamagishi K, Iso H, Yatsuya H, Tanabe N, Date C, Kiku-
chi S, Yamamoto A, Inaba Y, Tamakoshi A; JACC Study
Group: Dietary intake of saturated fatty acids and mortal-
ity from cardiovascular disease in Japanese: the Japan Col-
laborative Cohort Study for Evaluation of Cancer Risk
(JACC) Study. Am ] Clin Nutr, 20105 92: 759-765

14) Anderson JW, Konz EC, Frederich RC, Wood CL: Long-
term weight-loss maintenance: a meta-analysis of US
studies. Am J Clin Nutr, 2001; 74: 579-584

15) Johansson K, Neovius M, Hemmingsson E: Energy intake
reduction could lose body weight Effects of anti-obesity
drugs, diet, and exercise on weight-loss maintenance after
a very-low-calorie diet or low-calorie diet: a systematic
review and meta-analysis of randomized controlled trials.
Am ] Clin Nutr, 2014; 99: 14-23

16) Takeuchi H, Matsuo T, Tokuyama K, Shimomura Y,
Suzuki M: Diet-induced thermogenesis is lower in rats fed
a lard diet than in those fed a high oleic acid safflower oil
diet, a safflower oil diet or a linseed oil diet. ] Nutr, 1995;

125: 920-925

17) Grundy SM, Denke MA. Dietary influences on serum
lipids and lipoproteins. J Lipid Res, 1990; 31: 1149-1172

18) Hodson L, Skeaff CM, Chisholm WA: The effect of
replacing dietary saturated fat with polyunsaturated or
monounsaturated fat on plasma lipids in free-living young
adults. Eur J Clin Nutr, 2001; 55: 908-915

19) Gardner CD, Coulston A, Chatterjee L, Rigby A, Spiller
G, Farquhar JW: The effect of a plant-based diet on
plasma lipids in hypercholesterolemic adults: a random-
ized trial. Ann Intern Med, 2005; 142: 725-733

20) Malhotra A, Shafiq N, Arora A, Singh M, Kumar R, Mal-
hotra S: Dietary interventions (plant sterols, stanols,
omega-3 fatty acids, soy protein and dietary fibers) for
familial hypercholesterolaemia. Cochrane Database Syst
Rev, 2014 10; 6: CD001918

21) Okuda N, Miura K, Okayama A, Okamura T, Abbott
RD, Nishi N, Fujiyoshi A, Kita Y, Nakamura Y, Miya-
gawa N, Hayakawa T, Ohkubo T, Kiyohara Y, Ueshima
H; NIPPON DATAB80 Research Group: Fruit and vegeta-
ble intake and mortality from cardiovascular disease in
Japan: a 24-year follow-up of the NIPPON DATAS0
Study. Eur J Clin Nutr, 2015; 69: 482-488

22) Cocate PG, Natali AJ, Oliveira Ad, Longo GZ, Alfenas
Rde C, Peluzio Mdo C, Santos EC, Buthers JM, Oliveira
LL, Hermsdorff HH: Fruit and vegetable intake and
related nutrients are associated with oxidative stress mark-
ers in middle-aged men. Nutrition, 2014; 30: 660-665

23) Esfahani A, Wong JM, Truan J, Villa CR, Mirrahimi A,
Srichaikul K, Kendall CW: Health effects of mixed fruit
and vegetable concentrates: a systematic review of the
clinical interventions. ] Am Coll Nutr, 2011; 30: 285-294

24) Tucker KL, Hallfrisch J, Qiao N, Muller D, Andres R,
Fleg JL; Baltimore Longitudinal Study of Aging: The
combination of high fruit and vegetable and low saturated
fat intakes is more protective against mortality in aging
men than is either alone: the Baltimore Longitudinal
Study of Aging. ] Nutr, 2005; 135: 556-561

25) Ando K, Kawarazaki H, Miura K, Matsuura H, Watanabe
Y, Yoshita K, Kawamura M, Kusaka M, Kai H, Tsuchi-
hashi T, Kawano Y: [Scientific statement] Report of the
Salt Reduction Committee of the Japanese Society of
Hypertension (1) Role of salt in hypertension and cardio-
vascular diseases. Hypertens Res, 2013; 36: 1009-1019

26) Umesawa M, Iso H, Date C, Yamamoto A, Toyoshima H,
Watanabe Y, Kikuchi S, Koizumi A, Kondo T, Inaba Y,
Tanabe N, Tamakoshi A; JACC Study Group: Relations
between dietary sodium and potassium intakes and mor-
tality from cardiovascular disease: the Japan Collaborative
Cohort Study for Evaluation of Cancer Risks. Am ] Clin
Nutr, 2008; 88: 195-202

27) Aaron K], Sanders PW: Role of dietary salt and potassium
intake in cardiovascular health and disease: a review of the
evidence. Mayo Clin Proc, 2013; 88: 987-995

401




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


